










Le but général de cette étude était d’étudier, à long terme, les changements verticaux 
des dents antérieures et postérieures chez l’adulte. Plus précisément, les buts étaient 
de : 
- Voir si le déplacement des dents antérieures chez l’adulte est similaire à celui des 
adolescents, 
- Décrire le déplacement vertical des dents postérieures chez l’adulte. 
 
Il existe un déplacement vertical à long terme des dents antérieures et postérieures 
chez les adultes. La vitesse de déplacement vertical pour les dents antérieures est de 
0.17mm/an et de 0.05mm/an pour les dents postérieures. Le changement de position 
des molaires sans antagoniste, parodontalement saines chez les adultes est 
cliniquement insignifiant et similaire à celui observé chez les adolescents. Ces infimes 
changements sont le résultat de la croissance tardive chez l’adulte ou – dans le cas des 
molaires sans antagoniste – la conséquence d’un équilibre dentaire altéré à la suite 
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1. RÉSUMÉ  
INTRODUCTION 
Les dents font continuellement éruption et changent de position tout au long de la vie 
adulte. Chez l’adulte dont le parodonte est sain, le mouvement d’éruption observé est 
le résultat d’une activité continuelle du ligament parodontal (Ten Cate et Nanci, 
2003). 
L’éruption dentaire correspond a mouvements verticale de la dent qui peut être 
observée, à long terme et ce, pour toutes les dents présentes sur les arcades tant dans 
la région postérieure qu’antérieure. 
 
Eruption dentaire 
L’éruption d’une dent se définit comme le mouvement de celle-ci depuis sa position 
de germe inclus dans l’os jusqu’à ce qu’elle atteigne sa position fonctionnelle sur 
l’arcade. Ce processus multifactoriel implique différentes interactions au niveau des 
cellules et éléments constitutifs des organes dentaires. Le mouvement verticale d’une 
dent compte trois phases: pré-éruption, éruption, post-éruption, (Ten Cate et Nanci, 
2003). Notre travail se concentre sur la phase post-éruptive, à savoir l’ensemble des 
mouvements générés par la dent une fois qu’elle a atteint sa position fonctionnelle sur 
l’arcade dentaire. 
Cette phase peut être divise en mouvements de différents types : 
 i. des mouvements pour s’adapter à la croissance des mâchoires - ils sont 
perçus comme un ajustement de la position de l’alvéole dentaire 
 ii. des mouvements pour compenser l’usure continuelle des surfaces 
occlusales 
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 iii. des mouvements pour compenser l’usure continuelle des surfaces 
proximales 
Mouvements « post-éruptifs » des dents antérieures. 
Certaines études chez l’adolescent démontrent que les dents antérieures du maxillaire 
supérieur (incisives et canines), se déplacent verticalement de 0.1mm par an, et ceci 
par rapport à un point de référence stable, tel qu’une couronne sur implant (Iseri et 
Solow 1996, Thilander 1999, 2001). Ces déplacements, bien que minimes, 
apparaissent d’autant plus importants qu’ils occasionnent un décalage verticale par 
rapport aux reconstructions adjacentes implanto-portées, lesquelles restent 
verticalement parfaitement stables (Thilander et al. 1994, 1999, 2001). Il faut relever 
qu’aucune étude similaire n’a été entreprise sur une population de patients adultes. 
 
Mouvements post-éruptifs des dents postérieures. 
Certaines études démontrent que les dents postérieures sans antagoniste présentent des 
mouvements de sur-éruption variables par rapport au plan occlusal. Ce phénomène est 
attribué au fait que les dents en question ne subissent aucune force occlusale 
s’opposant à leur potentiel d’éruption : toutefois, aucune étude longitudinale n’a été 
réalisée  afin de mesurer les changements de direction verticale des dents postérieures. 
 
BUT 
Le but de notre étude est d’investiguer, à long terme, les changements de la position 
verticale des dents antérieures et postérieures chez l’adulte, de manière à : 
• déterminer si le mouvement post-éruptif des dents antérieures chez les adultes 
est le même que celui observé dans les études précitées chez les adolescents 
• décrire le mouvement post-éruptif des dents postérieures chez les adultes  
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• comparer les mouvements post-éruptifs des dents postérieures avec et sans 
antagoniste. 
 
MATERIEL ET METHODE  
Evaluation des changements verticaux de la position des dents antérieures 
Tous les patients sélectionnés pour cette étude rétrospective, présentaient une dent 
manquant dans la région antérieure du maxillaire supérieur. Ils ont été repartis selon 
leur âge en deux groupes : 
a. Le groupe des jeunes adultes (de 15.5 à 21 ans, moyenne d’âge de 18.4 ans) 
composé de 14 patients (5 garçons et 9 filles). 
b. Le groupe des adultes matures (de 40 à 55 ans, moyenne d’âge de 43.6 ans) 
composé de 14 patients adultes matures (5 hommes et 9 femmes). 
Méthode d’évaluation  
L’évaluation radiologique de chaque patient comprenait des radiographies péri 
apicales prises au moyen de la « technique parallèle », immédiatement après 
l’intervention chirurgicale (T0) et en moyenne, quatre années plus tard (T1). 
Sur la base des ces radiographies, l’évaluation de la position verticale de la dent 
antérieure adjacente à l’implant choisi comme point de référence a été réalisée (Fig. 
1). 
 
Evaluation des changements verticaux de la position des dents postérieures  
Les patients sélectionnés pour cette étude rétrospective, ont été suivis pendant au 
moins 10 ans (moyenne de 10 ans et 7 mois, SD : 16 mois), une modèle de la mâchoire 
supérieure ayant été réalisé au début, respectivement à la fin, de la période 
d’évaluation. 
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L’échantillon des patients sélectionnées comprenait 12 adultes matures (6 hommes et 
6 femmes de 25 à 69 ans, moyenne d’âge de 45 ans et 11 mois) représentant 22 
molaires supérieures sans dent antagoniste durant toute la période d’observation. 
Chaque cas sélectionné comprenait également au moins une molaire avec une dent 
antagoniste (dent contrôle ; n=14) : Aucune dent utilisée comme dent d’étude ou dent 
de contrôle n’a subi de modifications de leur morphologie (obturation, 
reconstruction,…) pendant la période d’évaluation. 
Le moulage de la mâchoire supérieure de chaque patient a été scanné au moyen d’un 
scanner 3D pour obtenir un modèle digital tridimensionnel, modèle permettant la 
comparaison  de la position de la molaire sans antagoniste par rapport a celle de la 
dent de contrôle sur les deux moulages.  
 
RÉSULTATS 
Changements verticaux de la position des dents antérieures 
Un changement de position verticale de la dent adjacente à l’implant a été observé 
chez la plupart des individus des deux groupes (Fig. 4). 
Dans le groupe a, l’écart vertical mesuré sur les radiographies varie entre 0.1 et 
1.65mm (moyenne = 0.69mm) (Table 1). 
Dans le groupe b, l’écart mesuré varie de 0.12 à 1.86mm (moyenne = 0.67mm) (Table 
2). 
Aucune différence de quantité d’éruption verticale entre dents adjacentes et l’implant 
n’a été observée,  selon que le patient soit un homme ou une femme (Fig 5), ou selon 
que le mouvement vertical mesuré concerne une incisive ou une canine (Fig. 6). 
 
Changements verticaux de la position des dents postérieures 
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Toutes les dents évaluées ont montré des signes de déplacement vertical, les 22 
molaires sans antagoniste (0.8mm, SD 0.65mm) comme les dents contrôles (0.4mm, 
SD 0.2mm). Toutefois, la présence d’atteintes parodontales provoque un mouvement 
d’éruption vertical plus marqué des molaires sans antagoniste (1.97mm, SD : 
0.58mm) comparativement à celles saines au niveau parodontal (0.48mm, SD 
0.17mm) (p≤0.01). En revanche, si l’on compare le déplacement vertical des molaires 
saines sans antagoniste avec leurs contrôles respectifs, nous constatons qu’il n’existe 
aucune différence significative dans le déplacement vertical observé durant la période 
d’évaluation (Fig 7,8). Après annualisation la vitesse du déplacement vertical est 
similaire pour les molaires sans antagoniste parodontalement saines et les dents de 
contrôle (0.04 – 0.05mm/an). 
 
DISCUSSION 
Nous avons pu observer des changements de position verticale des dents postérieures 
comme des antérieures chez les adultes, changements qui peuvent être attribuées à 
l’activité constante du ligament parodontal (Ten Cate et Nanci, 2003).  
Un grand écart dans la moyenne verticale du mouvement post-éruptif des dents 
antérieures a été constaté (0.20mm – 1.41mm). Des découvertes similaires ont été 
soulignées lors d’une étude récente de Thilander et al. (2001) basées sur l’observation 
de patients suivis pendant 8 années, les dents antérieures ayant bougé de 0.46 à 
0.95mm, avec de larges variations interindividuelles. 
Dans une étude préalable, Thilander et al. (1999), avait observe des changements plus 
importants chez des personnes plus jeunes, par rapport a ceux mesure dans notre étude 
(I), variations probablement liées à la différence d’âge moyen, et donc de croissance 
verticale alvéolaire résiduelle des patients impliquées dans les deux études. 
 10 
Il est probable que ceci soit dû à l’éruption constante ainsi qu’à la croissance verticale 
du processus alvéolaire chez l’individu en pleine croissance. Ces dernières 
découvertes contrastent avec ce que nous avons observé chez les individus plus jeunes 
de notre étude, probablement parce qu’une grande partie de leur croissance a déjà été 
effectuée. 
Au niveau des dents postérieures, nous avons observé un mouvement post-éruptif 
vertical aussi bien pour les molaires sans antagoniste que pour les dents avec 
antagoniste, changement statistiquement non-significatif pour les molaires sans 
antagoniste saines. Ces observations confirment les résultats d’études précédentes 
(Shugars et al. 2000) démontrant la stabilité à long terme de la position des molaires 
sans antagoniste chez l’adulte. Compagnon et Woda, (1991) ont pu observer  des 
mouvements post-éruptifs beaucoup plus importantes sur des individus ayant perdu 
leurs dents durant leur jeune âge, a une période de croissance active de l’individu, 
ainsi que sur des individus présentant des dents sans antagoniste, au support 
parodontal reduit. Dans notre étude, les mouvements post éruptifs verticaux des 
molaires (n=4) sans antagoniste présentant un support parodontal reduit, était plus 
marque que celles présentent un parodonte sain. Ces observations confirment les 
resultats d’études précédentes (Compagnon et Woda, 1991) associant les conditions 
parodontales et l’amplitude de déplacements verticaux des dents sans antagoniste. En 
effet la perte des attaches parodontale pourrait favoriser le mécanisme de l’éruption 
dentaire en appliquant pas le processus alvéolaire dans son intégralité. 
À l’âge des sujets incorporées dans notre échantillon, la majeure partie de la 
croissance maxillaire est achevée, (Sarnas et Solow 1980, Tallgren et Solow 1991) et 
seuls des changements dues au phénomène de croissance résiduelle tardive, comme 
l’éruption continuelle des dents, peuvent être observés (Forsberg et al. 1991). Seuls 
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ces différents phénomènes de croissance résiduelle permettent donc d’expliquer les 
changements verticaux observés au niveau de la position des dents avec antagonistes, 
ceux-ci ne doivent pas être considérés comme étant une erreur méthodologique. Ils 
sont dans la lignée de découvertes faites dans des études sur la croissance tardive.  
Nous avons observé une vitesse de déplacement vertical similaire entre les dents 
contrôles et les molaires sans antagoniste et saines au niveau parodontal (0.04mm – 
0.05mm/an), vitesse supérieure au niveau des dents antérieures (0.17mm/an). Cela 
prouve qu’à long terme, Le plan occlusal semble change son inclinaison, probable 
mécanisme de compensation permettant de maintenir la relation interincisive. Telle 
inclinaison du plan occlusal accompagnée d’une rotation de fermeture de la 
mandibule, due au mecanisme de la croissance residuelle pourrait expliquer 




Notre étude apporte la preuve d’un mouvement post-éruptif vertical des dents 
postérieures et antérieures à long terme chez les adultes. La vitesse du déplacement 
vertical des dents antérieures est de 0.17mm/an et de 0.05mm/an pour les dents 
postérieures. Le changement de position des molaires au parodonte sain, sans 
antagoniste, chez les adultes, est cliniquement non-significatif et similaire à celui 
observé au niveau des dents avec antagonistes. Les molaires sans antagoniste 
présentant un support parodontal réduit montrent des mouvements verticaux post-
éruptifs plus prononcés. 
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 TEXTE DE SYNTHESE (en anglais) 
2. INTRODUCTION 
 
Teeth continue to erupt and change position throughout adult life. In adults with 
healthy periodontium the eruptive movement observed is a result of the continuous 
activity of the periodontal ligament (Ten Cate and Nanci, 2003). 
The changes in the position of teeth related to tooth eruption are perceived as vertical 
movements and can be observed in the long term in all teeth both in anterior and 
posterior region of the dental arches. 
 
2.1 Tooth eruption 
Tooth eruption is a term that describes the movement of a tooth from its 
developmental position within the tissues of the jaw until it reaches its functional 
position in the oral cavity. It is a multifactorial process that involves interaction of 
cells and the dental organs. The eruptive movement is generally characterized by 
three phases: pre-eruptive, eruptive, and post-eruptive and they can be described as 
follows (Ten Cate and Nanci, 2003): 
 
i. Pre-eruptive phase 
This phase begins with the formation of the tooth bud and ends with the initiation of 
root formation. It includes the movement of the tooth within the bony crypt. An 
increased activity of osteoclasts leading to bone resorption takes place coronally of 
the bone crypt, while, apically there are cell proliferation activities leading to bone 
formation. In this phase the dental follicle is required for eruption to occur (Ten Cate 
and Nanci, 2003). There is contradicting evidence as to if there is any kind of tooth 
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movement in humans during this pre-eruptive phase. Some studies have shown no 
active bodily movement of teeth (Steedle and Profit, 1985) while others have 
demonstrated some axial movement of the erupting tooth as well as drifting and tilting 
prior to eruption (Ooe 1968).  
 
ii. Eruptive phase 
The process of permanent tooth eruption and movement into final functional position 
in the oral cavity comprises a series of events 
This phase starts with the onset of root development and ends when the crown reaches 
its functional position. In radiographic analysis of the eruption of human permanent 
premolars we can distinguish the following stages:  
1) eruption begins only after crown formation in complete,  
2) root formation occurs initially at the expense of alveolar bone without movement 
of the crown,  
3) most root growth occurs during the stage of eruption before the tooth reaches the 
occlusal plane,  
4) the completion of the root, like its initial growth, is at the expense of alveolar bone.  
The whole process involves the continuous alveolar resorption and formation of bone 
within the alveolar process, the destruction and rebuilding of periodontal tissues, and 
the resorption of primary teeth. The resorptive mechanism seems to be confined to the 
dental follicle and to be related to metabolic activation in the follicle or in the adjacent 
hard and soft tissues. Extensive microvascular and cellular activity occur along the 
coronal part of the follicle and, during eruption, the dental follicle is invaded by 
granules and mononuclear cells that fuse and form preosteoclasts, osteoclasts, and 
odontoclasts in the frontal, external layers of the follicle of the erupting tooth. 
 17 
Modification of the extracellular matrix surrounding the developing tooth occurs 
simultaneously. These processes begin early in active tooth eruption and form the 
eruption pathway (Ericson et al, 2002). 
Various factors influence the eruptive movement. 
Hormonal control mechanisms 
Risinger and Proffit (1996) investigated premolar eruption in human subjects and 
determined that a circadian rhythm of eruption existed. They measured the rate of 
eruption of erupting permanent teeth using detailed monitoring of physiological 
changes, over an 11-hour period. The authors concluded that most eruption occurred 
in late evening, although intrusion tended to occur in the early hours of the morning. 
There appeared to be no association with haemodynamic changes or functional 
activity and eruption is probably under hormonal control, most likely due to the 
effects of the late evening secretion of growth hormone and thyroid hormone. It 
would be erroneous to assume that eruptive movement is only present in children and 
adolescents with developing occlusions, although the rate and control mechanisms 
may vary.  
Physical control mechanisms 
A number of both animal and few human studies have been carried out to determine 
the forces generated during eruption in order to propel the tooth towards the occlusal 
plane. Gierie et al. (1999) studied the effects of force application to erupting human 
premolars on eight child subjects. Although accurate measurement was possible, there 
were difficulties in observing changes over a prolonged period of time due to the 
somewhat uncomfortable nature of the measurement conditions (application of 300-
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400 mN applied directly on the erupting teeth). The teeth observed were seen to 
undergo periods of eruption and intrusion. Light intermittent forces such as those 
produced by soft tissue or muscular contact, were capable of deflecting or halting 
eruption although they did not increase the rate of intrusion during the intrusive 
phases.  
 
iii. Posteruptive phase 
These are the movements made by the tooth after it has reached its functional position 
in the occlusal plane. They may be divided into three categories (Ten Cate and Nanci, 
2003):  
1. Movements to accommodate vertically growing jaws: they are seen as 
adjustment of the position of the tooth socket achieved by the formation of 
new bone at the alveolar crest and on the socket floor to keep up with the 
increasing height of the jaws. 
2. Movements to compensate for continued occlusal wear: they are most likely 
achieved with the same mechanism as eruptive tooth movement. They are 
characterized by continuous apposition of cementum around the apex of the 
tooth; however the deposition of cementum in this location occurs only after 
the tooth has moved. 
3. Movements to compensate for continued wear of proximal surfaces: Those 
movements are described as mesial drift and it is due to the anterior 
component of the occlusal forces, the contraction of the transeptal fibers and 
soft tissue pressure. 
Some authors propose another distinction of the posteruptive phase into two more 
specific stages: the mucosal penetration and preocclusal eruption, and eruption to the 
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occlusal plane (Darling and Levers 1976, Steedle and Proffit 1985). We will focus on 
the posteruptive phase of eruption that consists mainly on movements made by the 
tooth after it has reached its functional position in the occlusal plane.  
 
2.2 Posteruptive movements of anterior teeth 
In adolescents the maxillary anterior teeth (incisors, canines) seem to erupt with the 
mean rate of 0.10mm per year but with substantial variation, as it has been shown in 
studies that performed long term comparisons between two occasions using a stable 
point of reference – usually implants (lseri and Solow 1996, Thilander 1999, 2001). In 
these studies the vertical changes observed are due to the continuous vertical 
displacement of the anterior teeth. The latter in combination with the inability of the 
implants to erupt and, consequently of the implant supported restorations, is likely to 
cause in the long term a discrepancy in the occlusal plane, expressed clinically by the 
infraocclusion of implant-supported crowns due to the continuous eruption of teeth 
adjacent to implants. Previous animal studies (Odman et al. 1991, Thilander et al. 
1992, Sennerby et 1993) confirm the previous findings. 
The above mentioned studies were based on adolescents, however if this is the case 
also for adults it is not known. Longitudinal studies have shown that alveolar growth 
continues through the fourth and fifth decades of life. Forsberg et al (1991) have 
stated that noticeable increases in alveolar heights occur between the ages of 25 and 
45 years, with the greatest increase (1.13±0.77mm) observed in upper anterior 
alveolar heights. There is no doubt that the changes observed at these relatively late 
ages are adaptive rather than developmental. So, one would expect in adults changes 




2.3 Posteruptive movements of posterior teeth 
Changes in posterior teeth are expected to be alike though not completely identical to 
the ones observed in the anterior teeth. In previous cross-sectional studies it is shown 
that teeth without antagonists present overeruption of different degrees, indicating 
eruption beyond the occlusal level. Posselt stated in 1968 that "Teeth lacking occlusal 
opponents or proper proximal support, often tip and overerupt, converting to cuspal 
interferences...". Ramfjord and Ash (1983) concluded that "The classical example of 
occlusal disharmony following the loss of teeth may be the loss of the mandibular first 
molar. A few of the most common sequelae include: lingual and mesial tipping of the 
lower second molar, extrusion of the maxillary first molar;", while Orstavik in a 
recent study (2000) relates the changes in the position of unopposed teeth position to 
various parameters: "Loss of teeth upsets the existing balance of external forces 
governing tooth position; secondary changes such as drifting, tilting and overeruption 
are frequently observed.". A possible explanation of these findings could be that the 
unopposed molars can better express their eruptive potential since there are no 
occlusal forces exerted on them. 
In the literature there are no longitudinal studies that describe the changes in the 
vertical direction of posterior teeth. In order to study the unopposed tooth 
displacement, experimental studies were performed on animals and there were also 
clinical observations on humans.  
 
2.3.1 Changes in the  position of posterior teeth on animals 
Cohn (1966) studied the behavior of molar teeth in 25 day old albino mice following 
the extraction of varying combinations of opposing teeth. The conclusion was that the 
unopposed molars in the mouse can be made to supraerupt if function is selectively 
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removed from them. There appeared to be a constant attempt by the mandibular 
molars, in spite of the loss of opposing teeth, to retain functional relationships with 
each other, as was evidenced histologically by the continuous deposition of cementum 
and the formation of new groups of transseptal fibres. Other investigations using 
animals have shown an increase in dental cement formation around the root apex in 
situations of overeruption (Pilstrom and Ramfjord, 1971).  
Holiday et al. (2005), using the unopposed rodent molar model on 12 day old Swiss-
Webster mice, documented in molars that remained unopposed for 12 days  
significant levels of supraeruption, continuous levels of cellular cementum and 
alveolar bone apposition. These processes modulate the expression of many genes 
related to the extracellular matrix and cell surface. Specifically, extracellular matrix 
analysis showed increased levels of proteins (elastin and tenascin C), of proteoglycans 
(brevican, lumican and biglycan) and fibroblast growth factor 9 (FGF-9). In contrast 
the laminin expression along with the proteases cathepsin D and MMP11 were greatly 
reduced. 
 
2.3.2 Changes in the  position of posterior teeth on humans 
The studies on humans are quite controversial because their design does not allow a 
complete three-dimensional assessment of the tooth movements.  
Compagnon and Woda (1991) studied the unopposed upper first molar in both healthy 
mouths and those with some periodontal pathology present. The authors studied 
dental casts of 50 subjects whose maxillary first molars were without antagonists for 
5, 10 and 15 years. Not all the groups examined were similar in terms of the time 
since extraction of the opposing tooth. They concluded that all unopposed teeth 
moved beyond the occlusal plane. The results indicated that the majority of 
overeruption occurred in the early years following opposing tooth loss.  
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In a recent clinical study on molars without antagonists, 83% of them displayed 
supraposition ranging from under 0.5mm to 5.4mm beyond the functional occlusal 
plane (Craddock and Youngson, 2004). Nevertheless, in this study there is no 
information regarding neither the length of the period the teeth remained unopposed, 
nor the age of the patients when their teeth were extracted.   
Age seems to be an important factor for the vertical migration of unopposed molars. 
In children the maxillary first primary molars without antagonist (when not 
ankylosed) overerupted toward the extraction space (Yonezu and Machida, 1997). 
Furthermore, Smith (1996) observed that in children and adolescents who had 
extractions of upper second molars for orthodontic reasons, the unopposed lower 
second permanent molars showed a marked overeruption 10 years later. Love and 
Adams (1971) on a questionnaire-based study, distributed at random to U.S. Army 
dental officers in 19 dental clinics, concluded that only 5% of 536 patients 
demonstrate mild to severe overeruption after a follow-up period of 5 years. Shugars 
et al. 2000 based on intraoral radiographs of 126 unopposed posterior teeth, found that 
99% of teeth without antagonist show in the long term overeruption of 0-1mm of the 
unopposed tooth beyond the occlusal plane. Kiliaridis et al. in 2000, based on 
recordings of 53 individuals that had been documented to have molars without 
antagonists for a period of at least 10 years, concluded that even after the ten year 
period, only 24% of the documented unopposed molars show mild to severe 
overeruption (≥ 2mm).  
As it is evident from the existing bibliography, there are no previous studies 






The overall purpose of this study was to investigate the long-term changes in the 
vertical position of anterior and posterior teeth in adults. In particular the aims were 
to:  
• assess if the posteruptive movement of the anterior teeth in adults is similar to 
that observed in adolescents  
• describe the possible posteruptive movement of the posterior teeth in 
occlusion in adults and 





4.1 Assessment of vertical changes in the position of anterior teeth 
One hundred and eighty-two patients requiring implant surgery for late prosthetic 
rehabilitation in the anterior area were treated in the Division de Stomatologie, 
Chirurgie Orale et Radiologie Dento-maxillo-faciale of the University of Geneva 
between September 1990 and December 1998. From the initial sample, we included 
patients with no systemic diseases or long-term medication, all the patients within the 
age range of 15.5 – 21 years, and 40–55 years of age, treated only for replacement of 
single upper anterior teeth. Hence, 28 patients – 10 males and 18 females – were 
selected: all the patients presented missing anterior teeth following trauma or 
congenital aplasia, requiring insertion of 40 implant fixtures (16 central incisors, 12 
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lateral incisors and 12 canines) for late prosthetic rehabilitation. The patients were 
allocated in two groups according to their age:  
A. The young adult group (mean age at surgery 18.4 years, age range 15.5–21 years) 
consisted of 14 young patients: five males and nine females. The patients of this 
group received 21 single implant supported crowns as replacement of anterior missing 
teeth (10 central incisors, 6 lateral incisors, 4 canines). In seven patients, two fixtures 
were inserted for the replacement of two anterior teeth, one on each side (left–right). 
B. The mature adult group (mean age at surgery 43.6 years, age range 40–55 years) 
consisted of 14 mature adult patients (five males and nine females) who had received 
19 anterior implants (six central incisors, five lateral incisors, eight canines). In five 
patients, two fixtures were inserted for the replacement of two anterior teeth, one on 
each side (left–right). One anterior tooth adjacent to the implant was used for the 
evaluation of possible eruption processes. During the whole evaluation period, control 
teeth had no significant restorations and remained periodontally healthy, according to 
the following criteria: Plaque Index (PI) and Gingival Index (GI) scores<1, absence of 
periodontal pockets>3 mm, no bleeding on probing (BOP) and no radiographic 
evidence of alveolar bone loss. Finally, the continuity of periodontal ligament on 
radiographs was evaluated in order to exclude replacement resorption processes. 
Before implant surgery, all patients followed a dental hygiene professional 
maintenance care program, including oral hygiene instructions, regular recall 
appointments at 15 days and 3 months post-surgery, and every year thereafter. 
 
Implant placement 
The surgical procedure was performed by the same experienced oral surgeon. The 
implants and the titanium abutments used in the second phase of treatment were of the 
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Straumann Dental Implant System (Institute Straumann AG, Waldenburg, 
Switzerland). The latency period (time of the healing process required for the 
stabilization of the implants) was reduced to 12 weeks, according to the University of 
Geneva protocol. The abutment connection was performed with a special 
dynamometric key at 35 N/cm, according to the manufacturers’ instructions, (ITI 
Straumann Dental Implant System).  
 
Clinical and radiological assessment 
The follow-up registration took place 1 year or more after the surgical procedure 
(mean interval, 4.2 years; range, 1 year 1 months to 9 years 1 month).The examination 
included: A clinical examination to exclude the presence of peri-implantitis and to 
evaluate stability. The clinical evaluation included measurement of probing pocket 
depth (PPD), and assessment of the Modified Plaque Index (mPI) and of the GI 
(Mombelli et al. 1987). The presence or absence of suppuration (SI), bleeding on 
probing (BOP), as well as the lack of evidence of continuous peri-implant 
radiolucency, were also checked in order to exclude the presence of peri-implantitis. 
Assessment of the mobility of each single implant was made either by direct 
measurement on implant, or later on the crown restoration, according to Mombelli et 
al. (1987). 
 
4.2 Assessment of vertical changes in the position of posterior teeth 
Twelve mature adults (6 males, 6 females, mean age: 45y 11 months – age range 25-
69 years) with unopposed molars were followed-up for at least ten years (mean follow 
up time 10 years 7 months, SD: 16 months). Among these subjects, 22 unopposed 
maxillary molars were found on both occasions. On each subject there was at least 
one posterior tooth with an antagonist which served as control (n=14). Both 
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unopposed molars and control teeth were free of any significant modifications of their 
morphology during the period under study. 
The patients reported no systemic diseases. Each subject had assessment of 
periodontal status and had two pairs of casts made: one pair a short period after the 




5.1 Radiographic method for measurement of vertical changes on anterior teeth 
Periapical radiographs were taken with the ‘‘parallel technique’’ and allowed 
comparison to periapical radiographs taken immediately following surgery. A dental 
X-ray machine (Siemens Heliodent MD, Siemens Akiengellschaft, Munich, 
Germany) and KODAK EKTASPEED Plus Intraoral Dental Film (Eastman Kodak 
Company, Rochester, NY, USA) were exposed and developed according to the 
instructions of the manufacturer.  
The intra-oral radiographs were digitized in a Hewlett-Packard HP C2520A scanner 
(Hewlett-Packard, Palo Alto, CA, USA) at 600 dots per inch (dpi) analysis. The 
computer used for the data elaboration was equipped with a 17 inch ViewSonic screen 
(ViewSonic 17GS, ViewSonic Co, Walnut, CA, USA), a Matrox Millennium graphics 
card (Matrox Electronic Systems, Dorval, Quebec, Canada) and the screen analysis 
was set to 800x600. The measurements were performed with the Osiris software for 
Windows (medical imaging software, version 3.6, Digital Imaging Unit, University 
Hospital of Geneva).  
Assessment of the eruption of the adjacent teeth was performed using the implant as a 
stable point of reference: after selection of different reference points on implants and 
 27 
their adjacent teeth, data were obtained by comparing the measurements after implant 
placement and those of the follow-up examination. The method is described in 
“Fig.1”. 
Figure 1. Assessment of the eruption of the adjacent 
teeth:  
(a) evaluation of the image distortion by measuring the 
length of the implant (L) as it appears on the radiography 
compared to the real length of the implant as given from 
the manufacturer;  
(b) selection of an easily identifiable point of reference 
(=●) located on the cervical thread of the implant;  
(c) selection of a point of reference located on the tooth 
adjacent to the implant (intersection point between incisal 
border and mesial or distal side of the tooth);  
(d) measurement of the distance (R) between the projection 
of the two selected points on the longitudinal axis of the 
implant (T0);  
(e) measurement, on the radiograph taken at the follow-up 
examination (T1), of the distance between the projection of 
the two selected points on the longitudinal axis of the 
implant (M);  
(f) measurement of the amount of vertical movement of the 




5.2 Vertical changes on posterior teeth 
 
5.2.1 Three-dimensional laser scanner 
 All the casts were scanned with the scanner Laserscan 3D (Willytec GmbH 
Lochhamer Schlag 6 D - 82166 Gräfelfing, Germany). It is a single slit, one sense 
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laser scanner. In this, the cast is stabilised on a base and a gaussian pattern, 
monochromatic, slit laser beam emitted from a source point is projected onto its 
surface. The base is articulated, mobile and can move both on the x and y axis. (Fig 2) 
Its principle of operation is based on properties of laser light. After the laser light 
passes over an obstruction, it is diffracted over its surface (in this case the cast), 
producing a “Fresnel” diffraction pattern ("near-field" diffraction) at the surface 
where it is projected (Dauger 1996). In more practical terms it results in the 
“illumination” of the cast in the area of laser projection. This area is observed at a 
defined angle by a high-resolution special CCD camera (Video Laser Profiler for laser 
light sources) and the image is then transferred through a video acquisition system to 
a personal computer (Siemens Expert, Siemens AG 2002, D-80333 Munich, 
Germany). The whole hardware system is controlled by the SCAN-3D software 
(Willytec GmbH, v 1.6a, specially configured for University of Geneva).  
Figure 2.  
1. Video Laser Profiler 
2. Articulated base for casts 
The base is articulated, mobile and can move both on the x and y axis. 
The models were put on the articulated base with their occlusal plane (as 
defined by all posterior teeth excluding the unopposed tooth under study) 
parallel to the ground. 
3. Laser source  
 
 
5.2.2 Three-dimensional image acquisition 
Since a dental cast is too large of a surface for a "near-field" diffraction application, 
every cast is scanned into 6 slices providing a distinct image for each slice with 
dimensions: width 16 mm, height 38 mm and length 150 mm. With the MATCH-3D 
software (v 2.4, specially configured for University of Geneva) the six single scans 
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are assembled to give the complete surface of the cast and can be analysed in the three 
dimensions of space. For the imaging analysis purposes, the computer considers each 
cast as a sum of points. Each point is distinguished and it is referred to in Cartesian 
coordinates by three real numbers, indicating the positions of the perpendicular 
projections from the point to the three axes of space (x, y, z). 
The base inside the scanner is articulated, mobile and can move both on the x and y 
axis. The models were put on the articulated base with their occlusal plane (as defined 
by all posterior teeth excluding the unopposed tooth under study) parallel to the 
ground and performed the scanning of the cast.  
 
5.2.3 Three-dimensional image acquisition 
On the 3D model we compared the position of the unopposed molar and that of the 
control tooth as seen on the initial and final casts. On both teeth under study we took 
the middle of the distance between the mesial, distal, vestibular and lingual marginal 
crests as points of reference. All the points of reference were localised on easily 
reproducible areas of each tooth and were the same on both sets of casts. The point of 
intersection of the bimedians joining the midpoints of the opposite sides was the 
centroid of the occlusal surface. We compared the positions of the points of reference 
as appeared in the initial and final casts (Fig. 3). 
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Figure 3. Middle of (1) mesial, (2) vestibular (3) distal and (4) lingual marginal 
crests. (5) Centroid of the occlusal surface.  
 
We measured the changes between the two 3D models on the Cartesian coordinate 
system (x,y,z) with a 3D imaging software (Match3D Willytec GmbH Lochhamer 
Schlag 6 D - 82166 Gräfelfing, Germany). Disto-mesial tooth displacement and buco-
lingual movement were assessed on the x and y axis respectively. Eruption was 
measured on the z axis. Movement towards mesial, lingual and overeruption were 
marked as positive values. The changes observed for the four points of reference were 
averaged for each axis so that they would correspond to the representation of the 




6.1 Methods for analysis of measurements on radiographs 
For the analysis of the results, Mann–Whitney U-test was performed between the two 
groups to assess the level of significance of the discrepancies observed. Multiple 
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regression analysis was performed for both groups to assess the relationship of the 
discrepancy observed with the age at placement and the observation period. The 
results are presented in box plot form. Each box identifies the middle 50% of the data, 
the line across the box the median, and the end of the vertical lines (whiskers) indicate 
the extreme values (Tuckey, 1977). 
 
6.2 Methods for analysis of measurements on 3D models 
We tested the normal distribution of the measurements with a Shapiro-Wilk test, and 
used the independent samples t-test to compare their means. Significance was set to 
0.05. Unpaired t-test was used to compare means and assess differences between 
groups and 95% CI were provided.  
To limit the influence of intra-individual variability on the measurements for each 
tooth in patients that presented more than one unopposed molar or control teeth we 
took the mean of the values and compared them with the paired t-test.  
We tested the association between the z values for the buccal point of reference and 
the difference between the vertical measurements for buccal and palatal references 
with the Pearson’s correlation analysis. This way we could determine the pattern of 
the observed vertical displacement.   
Statistical evaluation was done with SPSS v13.0 statistical package for social sciences 
Chicago, USA. 
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7. ERROR OF THE METHOD 
 
7.1 Error of reproduction of the measurements (radiologic method) 
All measurements were repeated with an interval of 1 month by the same observer to 
assess the methodological error involved. A high reproducibility of the measurements 
was found (error 2.26%).  
Error of measurements (SE) was calculated with the Dahlberg’s formula: where Σd is 
the sum of the differences between first and second measurements and N is the 
number of subjects.  
SE= 
 
The error of the measurements in the magnified and calibrated radiographs was found 
to be low: SE=0.16mm 
 
7.2 Error of the 3D scanner, error of the operator 
We wanted to assess the magnitude of random errors that might occur in our 
measurements. The replication of measurements is important in the control of random 
errors (Houston, 1983). The potential sources of error were identified: the error of the 
scanner and the error of the operator during localization of references (operator error). 
The error of the scanner: The scanner is pre-calibrated, and for relatively large objects 
(like dental casts) according to the technical data furnished by the manufacturer, the 
accuracy after 3D-matching is 8.5 µm, the reproducibility: 2µm  
Operator error: The same operator carried out double localisation of the same points 
of reference with a difference of 10 weeks between the two measurements. The 
differences in the coordinates in the Cartesian system were assessed and compared 
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using paired samples t-test. A high repeatability of the localisation of points of 
reference (p=0.192) and a high correlation between the two sets of measurements 
were found (r=0.6).  
Dahlberg’s formula was used to assess the error for each of the three axis separately 
and it was found to be low: for the x axis 7.8µm, y axis 8.6µm. The greatest error was 
found for the z axis 17.1µm. The cumulative error in the localisation of the centroid of 




8.1 Vertical changes in the position of anterior teeth 
No signs of peri-implantitis were observed in any of the implants by clinical and 
radiographic measurements. Stability of the inserted implants together with a good 
esthetic outcome of the rehabilitation was reported for all the patients. However, in 
most of the patients of both groups, a change in vertical position of the tooth adjacent 
to the implant was observed (Fig. 4). 
 
Figure 4: Vertical changes of 
anterior teeth adjacent to 
implant in both samples (mm). 
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Table I. Sample description (age at placement, localization of the implant, vertical 
step for each implant, mean value in subjects with two implants) – Mature adults 
 







C.A. 51 7/12 12 21 6.0 0.76 0.61 0.685 
K.I. 56 7/12 11 23 2.1 0.64 0.58 0.61 
C.M. 40 7/12 13 23 8.7 1.86 0.97 1.415 
H.J.M. 42 10/12 11 21 3.7 0.70 0.59 0.645 
R.J. 43 9/12 13  3.3 0.12   
M.F. 42 11/12 22  6.9 0.22   
L.E. 43 9/12 22  3.0 0.20   
G.C. 43 6/12 12  3.5 1.32   
C.D. 49 1/12 13  7.9 0.21   
F.G. 44 2/12 12 21 4.6 0.68 0.54 0.61 
G.C. 41 5/12 13  3.4 0.53   
R.J. 43 5/12 13  3.0 0.79   
G.D.M.M 38 6/12 23  2.1 0.63   





Table 2. Sample description (age at placement, localization of the implant, vertical 
step for each implant, mean value in subjects with two implants) – young individuals. 
 





K.F. 24 1/12 21  9.1 0.33   
P.C. 16 11/12 11  6.7 1.15   
M.C. 19 10/12 13 23 1.6 0.68 0.3 0.49 
B.E. 19 10/12 12 22 2.4 1.65 0.84 1.245 
S.C. 15 8/12 12 22 8.3 0.80 0.88 0.84 
I.M. 19 9/12 23  5.3 1.76   
F.E. 17 8/12 12 22 1.9 0.10 0.30 0.2 
G.D. 17 2/12 12 21 1.1 0.48 1.38 1.38 
S.I. 15 4/12 21  2.8 1.02   
M.S. 18 21  1.8 0.13   
N.C. 19 2/12 23  5.3 0.82   
V.J. 20 1/12 21  6.0 0.45   
W.V. 19 11 21 5.5 0.38 0.44 0.41 
G.M. 17 10/12 11 21 3.4 0.58 0.61 0.595 
 
Table 2. Sample description (age at placement, localization of the implant, vertical 
step for each implant, mean value in subjects with two implants) – young individuals. 
 
Young individuals 
In seven patients, two fixtures were inserted for replacement of two anterior teeth, one 
on each side. In relation to the implants, all patients of the sample showed vertical 
displacement of the adjacent teeth. The vertical step measured on radiographs varied 
between 0.10 to 1.65mm (mean 0.69mm) which is translated in mean annual 
displacement for the young individuals of 0.24mm/year (Table 1). 
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Mature adult group 
In five patients, two fixtures were inserted to replace two anterior teeth, one on each 
side. Most of the patients showed vertical difference between the teeth adjacent to the 
implant-supported crown and the implant itself. The measured step varied from 0.12 
to 1.86mm (mean 0.67mm), that is a mean vertical displacement of 0.17mm/year 
(Table 2). 
No difference was found between males and females in the amount of vertical 
eruption of adjacent teeth (Fig. 5). 
 
Figure 5. Vertical changes of anterior teeth adjacent to implant according to gender 
(mm). 
 
We also observed that there was no statistically significant difference in the amount of 
vertical eruption between the adjacent teeth and the implant at various locations 
(canine, lateral, or central incisor region) (Fig. 6). 
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Figure 6: Vertical changes of anterior teeth adjacent to implant according to 
localization of the implant (mm). 
 
8.2 Vertical changes in the position of posterior teeth 
Four of the unopposed molars have shown compromising periodontal condition. 
Almost all teeth showed signs of eruption - the 22 unopposed molars (0.80mm, SD 
0.65mm) and the controls (0.40mm, SD 0.20mm). Periodontally affected unopposed 
molars erupt more (1.97mm, SD 0.58mm) than the periodontally healthy ones 
(0.48mm, SD:0.17mm) (p≤0.01). Comparing the vertical displacement observed in 
periodontally healthy unopposed molars with the respective controls, we found that 
there was no significant difference in the vertical displacement observed during the 
period of the study (0.22 – 0.95 mm) (Fig. 7, 8). The rate of vertical displacement was 





Figure 7. Vertical movement of the centroid.  
 All the molars (unopposed and controls) showed signs of eruption in all cases 
(Positive values indicate eruption, + = periodontally affected tooth). There was more 
prevalent vertical displacement of periodontally affected unopposed molars 
 
 
Figure 8. Mean diagrams showing vertical displacement of teeth 
 
In unopposed molars we found greater vertical displacement of the vestibular side 
than palatal side (p=0.03) (Fig 9,10). This indicates a simultaneous tipping of the 
molar on the transversal plane in the palatal direction. There was a palatal movement 
 39 
of the occlusal surface for both groups. For the unopposed teeth (0.90mm, SD 
0.60mm) it was significantly higher that that of the control group (0.50mm, SD 
0.30mm) (p=0.02). However, no statistically significant differences were found when 
comparing periodontally healthy and periodontally affected unopposed molars for 
palatal displacement.  
 
Figure 9. Bucco-lingual movement of the centroid The displacement for unopposed 
teeth, was significantly higher than that of the control group (p=0.02). 




Figure 10 Mean bucco-palatal displacement 
 
9. DISCUSSION 
In both studies we observed changes in the vertical position of the anterior and 
posterior teeth in adults. The changes observed for the mature adults were similar to 
those observed for the adolescents.  
For the anterior teeth in adults the mean vertical posteruptive movement varied from 
0.12 to 1.86mm (mean 0.67mm). Similar findings were stressed in a recent follow-up 
study by Thilander et al. (2001) based on observation on patients followed-up for 8 
years: the anterior teeth moved from 0.46 to 0.95mm, with large inter-individual 
variations.  
In the posterior teeth we observed a vertical posteruptive movement in all posterior 
teeth of 0.40mm for teeth in occlusion and 0.48mm in periodontally healthy 
unopposed molars and there was no significant difference comparing molars in 
occlusion with periodontally healthy unopposed molars. The observed change in the 
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vertical position of unopposed molars appears to be related to the periodontal status of 
the tooth under study.  
The vertical changes observed in the position of posterior teeth with antagonists 
should not be considered a methodological error but it is concurrent with findings of 
studies on late growth that state that in the age of the subjects in our sample the major 
part of the maxillary growth is completed (Sarnas and Solow 1980, Tallgren and 
Solow 1991) and only late growth changes like continuous eruption of teeth can be 
observed (Forsberg et al. 1991). 
For the periodontally healthy unopposed molars this change is statistically and 
clinically insignificant (0.22 – 0.95mm). This is in accordance with previous studies 
(Shugars et al. 2000) that also showed long-term stability in the position of unopposed 
molars in adults. Nevertheless, severe overeruption can be observed in individuals 
that either had lost their teeth in young age and remained unopposed during the period 
of active growth of the individual or when the teeth have less periodontal support. In 
our study, when considering vertical posteruptive movement, the small number (n=4) 
of periodontally affected unopposed molars present pronounced overeruption when 
compared to the periodontally healthy ones. This confirms previous studies stipulating 
that the periodontal condition is a factor associated with vertical displacement 
(Compagnon and Woda, 1991). A reasonable explanation could be that during the 
disease, the loss of periodontal attachment can facilitate the eruption potential of the 
tooth without the necessity of vertical displacement of the whole alveolar process that 
could impede the eruptive movement of the teeth. 
The variability in the amount of vertical posteruptive movement of the anterior and 
posterior teeth was large. This is concurrent with findings of studies on late growth 
that identified two factors of importance for this variability: A. the residual growth: 
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for the subjects in our sample the major part of the maxillary growth is completed 
(Sarnas and Solow 1980, Tallgren and Solow 1991) and only late growth changes like 
continuous eruption of teeth can appear (Forsberg et al. 1991). B. the dependency of 
rate and direction of continued eruption upon the general pattern of growth of the 
craniofacial skeleton, in particular the vertical jaw relationships. In this case the space 
created by the vertical vector of the residual craniofacial growth causes changes in the 
position of the jaws These vertical positional changes of the jaws create a space which 
is filled by the erupting teeth that need to maintain a functional contact even during 
adulthood (Behrents, 1985). 
Another movement that could be identified in the posterior teeth was a prevalent 
eruption of the vestibular side of both unopposed and control teeth. This resulted in a 
greater vertical displacement of the vestibular side of the molar and a simultaneous 
rotation of the molar on the transversal plane in the palatal direction. This can be 
attributed to a continuous force provided by the soft tissues adjacent to the tooth and 
the perioral musculature- predominantly the buccinator muscle, which is an important 
environmental determinant of tooth position (Proffit, 1978). Its constant and 
apparently light force is compensated in the control teeth by the occlusal interferences 
provided by the antagonists that are not present in the unopposed side. Previous 
studies (Sennerby et al. 1993) have already confirmed many changes in the 
transversal dimensions of the dental arches which have not yet been quantified. 
Another factor can be the occlusal forces; they play an important role in maintaining 
the transversal dimension of dental arches (Kiliaridis et al. 2003), but there are no 
occlusal forces on teeth without antagonists. 
We could not confirm the hypothesis that the tongue takes the place of antagonist 
teeth once they are extracted. We can only speculate about the role of the tongue and 
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the movements that can be partially attributed to its position, although there is no 
clear evidence, are the movements observed in the transversal plane. It would be valid 
to think that in unopposed molars the tongue impedes a vertical displacement of the 
palatal cusps, therefore the observed movements, but also in the transversal plane the 
tongue can provide a stabilizing force opposing the light but continuous force of the 
cheeks (Proffit, 2000). 
Our method permitted the assessment of vertical movements of anterior and posterior 
teeth using approaches that focus in the region of interest and do not relate to more 
distant structures that can introduce a potential source of error. 
For the first study we assessed the vertical displacement of anterior teeth on intraoral 
radiographs. This can introduce the “imprecision” of selecting landmarks of reference. 
However, this imprecision was eliminated by selecting references on surfaces the 
teeth that are not affected by possible abrasion or surfaces that had not extensive 
restorations. Since our study was retrospective we could not standardize a priori the 
procedure of taking the radiographs, but they were taken with the parallel technique 
which gives a relative standardization. Small variations in the orientation of the tube 
during this technique were corrected with the correction of the image distortion 
performed for each radiograph. 
On the second study a potential source of error could be the localization of the points 
of reference. To avoid this, we localized the points of reference on surfaces of the 
three-dimensional image that had not restorations or were not exposed to abrasion 
during the observation period. The measurements for the centroid were calculated in 
relation to the other four points of reference automatically by the software. For the 
assessment of the vertical changes in the position of teeth, the ideal approach would 
be to use superimposition of the three-dimensional image of the dental casts in the 
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beginning with the one taken from the cast in the end of the observation period. This 
approach requires the use of stable structures of reference but until now no such 
structures could be securely identified. 
We found a similar rate of vertical displacement between control teeth and 
periodontally healthy unopposed molars (0.04 - 0.05mm/year). The rate for the 
anterior teeth was triple (0.17mm/year). This shows that the occlusal plane changes its 
inclination in the long term, which can be considered a mechanism of compensation, 
because according to the “wedge effect” concept if the eruption of posterior teeth was 
equal to that of the anterior teeth, then anterior open bite would be a common finding 
in mature adults. Furthermore, such inclination of the occlusal plane along with the 
closing rotation due to late mandibular growth can be an explanation for the late lower 
incisor crowding appearing in the ageing dentition (Richardson, 1995).  
Moreover, we should take into consideration the discrepancy observed in the teeth 
adjacent to edentulous spaces before implant recommendation in cases of 
prosthodontic rehabilitation of anterior missing teeth. It has to be realised that the use 
of osseointegrated implants in adulthood in the anterior and posterior region, although 
a viable solution, should not be recommended unless special provision is made for 
later revision or replacement of the artificial abutments to compensate for the vertical 
posteruptive movements of adjacent teeth.  
Our findings for the vertical stability of periodontally healthy unopposed molars 
suggest that for the vast majority of adult patients we should not precipitate treatment 
immediately after the loss of a posterior tooth for its replacement since significant 
tooth displacement appears in a small number of cases. However we should be 
cautious that a small number of patients, although periodontally healthy, may 
experience great changes in the position of unopposed teeth. Therefore further 
 45 
research is necessary to establish possible predictive factors that can help us diagnose 
a priori a patient in risk of experiencing the adverse consequences of a severe vertical 




Our study provides evidence of a vertical posteruptive movement of anterior and 
posterior teeth in adults in the long term. The rate of vertical displacement in the 
anterior teeth is 0.17mm/year and for 0.05mm/year posterior teeth. The change in the 
position of unopposed molars in periodontally healthy adults is clinically insignificant 
and it is similar as the one observed in teeth with antagonists. Periodontally affected 
unopposed molars show greater vertical post-eruptive movements than unopposed 
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Long-term vertical changes of the
anterior maxillary teeth adjacent
to single implants in young and
mature adults
A retrospective study
Bernard JP, Schatz JP, Christou P, Belser U, Kiliaridis S. Long-term vertical changes of
the anterior maxillary teeth adjacent to single implants in young and mature adults. A
retrospective study. J Clin Periodontol 2004; 31: 1024–1028. doi: 10.1111/j.1600-
051X.2004.00574.x. r Blackwell Munksgaard, 2004.
Abstract
Aim: To evaluate the effects of the tooth eruption process on the position of teeth
adjacent to implant-borne restorations in adult patients compared to patients in their
late adolescence.
Subject and Methods: The sample included 28 patients divided into two groups. A
‘‘young adult’’ group consisting of 14 patients, aged from 15.5 to 21 years, and a
‘‘mature adult’’ group consisting of 14 patients, aged from 40 to 55 years. All patients
presented missing anterior teeth, requiring insertion of 40 implant fixtures (16 central
incisors, 12 lateral incisors, 12 canines). The implants were of the Straumann Dental
Implant System, clinically and radiologically re-evaluated 1 year or more after the
surgical procedure (mean interval5 4.2 years). Assessment of the eruption of the
adjacent teeth was performed using the implant as a stable point of reference:
measurements of the different reference points were compared after implant
placement and at follow-up examination.
Results: In the ‘‘young adult’’ group, all patients showed infra-occlusion of the
implant-supported crowns: the vertical step measured on radiographs varied between
0.1 and 1.65 mm. In the ‘‘mature adult’’ group, all patients showed a vertical
difference between the teeth adjacent to the implant-supported crown and the implant:
the measured step ranged from 0.12 to 1.86 mm. No difference was found in the
amount of vertical eruption between male and female patients, nor according to
localization of the implant.
Conclusion: Mature adults can exhibit major vertical steps after anterior restorations
with osseointegrated fixtures to the same extent as adolescents or ‘‘young adult’’
individuals with residuous growth potential.
Key words: adult patients; alveolar and
skeletal growth; ankylosis; implants; tooth
eruption
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The absence of anterior permanent max-
illary teeth following trauma or congeni-
tal aplasia is a difficult therapeutic
problem which may be corrected by
orthodontic or prosthetic means. The
need for long-term maintenance of
‘‘conventional’’ fixed partial bridges
and their possible detrimental impact on
periodontal health are factors generally
favoring orthodontic correction of the
problem in young patients (Nordquist &
McNeill 1975, Dietschi & Schatz 1997).
Implant-supported crowns are now
considered as the least invasive treat-
ment in cases of missing anterior teeth
with optimal esthetic outcome. The use
of implants in growing individuals has
been studied by clinical (O¨dman et al.
1988, Thilander et al. 1994, 1999) and
animal studies (O¨dman et al. 1991,
Thilander et al. 1992, Sennerby et al.
1993) showing that implants behave like
ankylosed teeth and do not follow the
changes of the alveolar processes due to
continuous eruption of adjacent teeth.
Moreover, the osseointegrated fixtures
will not be able to be displaced in the
sagittal and transverse dimensions dur-
ing growth of the jaws (Thilander et al.
1994, Iseri & Solow 1996).
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The non-eruption potential of the im-
plants and, consequently, of the implant-
supported restorations, in young
individuals is likely to cause a discre-
pancy in the occlusal plane. This
discrepancy has been extensively docu-
mented and may result in clinical
infraocclusion of the implant-supported
crowns (Thilander et al. 1994, 1999).
This was the main contraindication to
the use of implants in growing indivi-
duals. However, Thilander et al. (1999)
reported similar observations in three
adult cases, and since then, many ques-
tions remain open concerning the corre-
lation between the effect of the contin-
uous teeth eruption and the position of
teeth adjacent to implant restorations:
are the adult patients exposed to the
same risk, and if so, to the same extent?
The aim of this study was to assess
the effect of the continuous tooth
eruption process on the position of teeth
adjacent to implant-borne restorations
of patients in mature adulthood com-
pared to changes appearing in patients
in their late adolescence.
Subjects and Method
One hundred and eighty-two patients
requiring implant surgery for late pros-
thetic rehabilitation in the anterior area
were treated in the Oral Surgery Depart-
ment between September 1990 and
December 1998.
From the initial sample, two different
groups were created: a ‘‘young adult
group’’ incorporating all patients from
the age range 15.5–21 years, only
treated for replacement of single upper
anterior teeth, and a ‘‘mature adult’’
group, including all the patients from
the age range 40–55 years of age, and
also treated only for replacement of
single upper anterior teeth.
Hence, 28 patients – 10 males and 18
females – were selected: all the patients
presented missing anterior teeth following
trauma or congenital aplasia, requiring
insertion of 40 implant fixtures (16 central
incisors, 12 lateral incisors, 12 canines)
for late prosthetic rehabilitation. Divided
according to their age, the two groups
showed the following characteristics:
The young adult group (mean age at
surgery 18.4 years, age range 15.5–21
years) consisted of 14 young patients:
five males and nine females. The patients
of this group received 21 single implant-
supported crowns as replacement of
anterior missing teeth (10 central inci-
sors, six lateral incisors, four canines). In
seven patients, two fixtures were inserted
for the replacement of two anterior teeth,
one on each side (left–right).
The mature adult group (mean age at
surgery 43.6 years, age range 40–55
years) consisted of 14 mature adult
patients (five males and nine females)
who had received 19 anterior implants
(six central incisors, five lateral incisors,
eight canines). In five patients, two
fixtures were inserted for the replace-
ment of two anterior teeth, one on each
side (left–right).
One tooth adjacent to the implant was
used as the control tooth, for evaluation
of possible eruption processes. During
the whole evaluation period, control
teeth had to remain restoration free
and periodontally healthy, according to
the following criteria: Plaque Index (PI)
and Gingival Index (GI) scoreso1,
absence of pockets43 mm, no bleeding
on probing (BOP) and no radiographic
evidence of alveolar bone loss.
Finally, the continuity of periodontal
ligament on radiographs was evaluated
in order to exclude replacement resorp-
tion processes.
In anamnestic records, no patients
showed systemic diseases or long-term
pharmacological treatment. To be in-
cluded in the implant surgery clinic, all
patients followed a dental hygiene
professional maintenance care program,
including instructions on oral hygiene,
with regular recall appointments at 15
days and 3 months post-surgery, and
thereafter every year.
Implant placement
The surgical procedure was performed
by the same experienced oral surgeon
(J. P. B. – Department of Oral Surgery
and Oral Pathology). The implants and
the titanium abutments used in the
second phase of treatment were of the
Straumann Dental Implant System (In-
stitute Straumann AG, Waldenburg,
Switzerland). The latency period (time
of the healing process required for the
stabilization of the implants) was re-
duced to 12 weeks, according to the
University of Geneva protocol. The abut-
ment connection was performed with a
special dynamometric key (ITI Strau-
mann Dental Implant System), accord-
ing to the manufacturer, at 35 N/cm.
Clinical and radiological assessment
The follow-up registration took place 1
year or more after the surgical proce-
dure (mean interval, 4.2 years; range, 1
year 8 months to 9 years 1 month).
The examination included:
1. A clinical examination to exclude the
presence of peri-implantitis and to
evaluate stability. The clinical eva-
luation included measurement of
probing pocket depth (PPD), and
assessment of the Modified Plaque
Index (mPI) and of the GI (Mombelli
et al. 1987). The presence or absence
of suppuration (SI), Bop, as well as
the lack of evidence of continuous
peri-implant radiolucency, were also
checked in order to exclude the
presence of peri-implantitis.
Assessment of the mobility of each
single implant was made either by
direct measurement on implant, or
later on crown restoration, according
to Mombelli et al. (1987).
2. A radiographic examination for as-
sessment of the implant insertion
areas. Intra-oral peri-apical radio-
graphs were taken with the ‘‘parallel
technique’’ and allowed comparison
to peri-apical radiographs were taken
immediately following surgery. A
dental X-ray machine (Siemens He-
liodent MD, Siemens Akien-
gellschaft, Munich, Germany) and
KODAK EKTASPEED Plus Intraoral
Dental Film (Eastman Kodak Com-
pany, Rochester, NY, USA) were
exposed and developed according to
the instructions of the manufacturer.
The intra-oral radiographs were digi-
tized by means of a Hewlett-Packard HP
C2520A scanner (Hewlett-Packard,
Palo Alto, CA, USA) in 600 dots per
inch (dpi) analysis. The computer used
for the data elaboration was equipped
with a 17 in ViewSonic screen (View-
Sonic 17 GS, ViewSonic Co, Walnut,
CA, USA), a Matrox Millennium gra-
phics card (Matrox Electronic Systems,
Dorval, Quebec, Canada) and the screen
analysis was set to 800  600. The
evaluation of dimensions was per-
formed with the Osiris software for
Windows (medical imaging software,
version 3.6, Digital Imaging Unit, Uni-
versity Hospital of Geneva). Assess-
ment of the eruption of the adjacent
teeth was performed using the implant
as a stable point of reference: after
selection of different reference points
on implants and adjacent teeth, data
were obtained by comparing the mea-
surements after implant placement and
at follow-up examination. The method
is described in Fig. 1.
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Statistical analysis
All measurements were repeated with
an interval of 1 month by the same
observer (P. C.) to assess the error of
method involved. A high reproducibility
of the measurements was found (error
2.26%). For the analysis of the results,
Mann–Whitney U-test was performed
between the two groups to assess the
level of significance of the discrepan-
cies observed. Multiple regression ana-
lysis was performed for both groups to
assess the relationship of the discre-
pancy observed with the age at place-
ment and the observation period.
Results
Control teeth remained periodontally
healthy throughout the whole evaluation
period (data not shown). No signs of
peri-implantitis were observed in any of
the implants by clinical and radio-
graphic measurements (data not shown).
Stability of the inserted implants
together with a good esthetic outcome
of the rehabilitation was reported for all
the patients. However, in most of the
patients of both groups, a change in
vertical position of the implant-sup-
ported crown was observed (Fig. 2).
Young adult group
In seven patients, two fixtures were
inserted for replacement of two anterior
teeth, one on each side.
In relation to the adjacent teeth, all
patients of the sample showed infra-
occlusion of the implant-supported
crown. The vertical step measured on
radiographs varied between 0.10 to
1.65 mm (mean5 0.69 mm), with only
seven cases showing greater variations
than the mean (Table 1). The vertical
changes observed could already be
noticed in some patients after short
evaluation period, namely 13 months.
Mature adult group
In five patients, two fixtures were
inserted to replace two anterior teeth,
one on each side. Most of the patients
showed vertical difference between the
teeth adjacent to the implant-supported
crown and the implant itself. The mea-
sured step varied from 0.12 to 1.86 mm
(mean5 0.67 mm). In this sample only
five cases showed greater variations
than the mean (Table 2). The vertical
changes observed could already be de-
tected in some patients after short
evaluation periods, such as 15 months.
No difference was found between
males and females in the amount of
vertical eruption of adjacent teeth (Fig. 3).
We can also observe that no differ-
ence existed in the amount of vertical
eruption between the implant and the
adjacent teeth at various localizations of
the implant (canine, lateral, or central
incisor region) (Fig. 4).
Multiple regression analysis of the
data from both groups was performed.
The independent variable was the ob-
served discrepancy while the dependent
variables were the age groups (dummy
variable), and time between fixture
placement and follow-up examination.
For the patients with two fixtures, the
mean of the measured discrepancy was
used giving only one measure of
discrepancy per individual. The relation
between the vertical discrepancy to the
age of the groups and the period of
observation was very low (R5 0.024),
showing a non-statistically significant
importance of the variables.
Discussion
The high incidence of dento-alveolar




Fig. 1. Assessment of the eruption of the
adjacent teeth: (a) evaluation of the image
distortion by measuring the length of the
implant (5L) as it appears on the radio-
graphy compared to the real length of the
implant; (b) selection of an easily identifi-
able point of reference (5  ) located on
the cervical thread of the implant; (c)
selection of a point of reference located on
the tooth adjacent to the implant (intersec-
tion point between incisal border and mesial
or distal side of the tooth); (d) measurement
of the distance (5R) between the projection
of the two selected points on the long-
itudinal axis of the implant (T0); (e)
measurement, on the radiograph taken at
the follow-up examination (T1), of the
distance between the projection of the two
selected points on the longitudinal axis of
the implant (5M); and (f) measurement of
the amount of vertical movement of the
adjacent tooth, by comparing the data















Fig. 2. Vertical changes of anterior teeth
adjacent to implant in both samples (mm).
Table 1. Sample description (age at placement, localization of the implant, vertical step for each
implant, mean value in subjects with two implants)
Subjects Age Implants Follow-up period Discrepancy
(mm)
Mean
C. A. 51.7 12 21 6.0 0.76 0.61 0.685
K. I. 56.7 11 23 2.1 0.64 0.58 0.61
C. M. 40.7 13 23 8.7 1.86 0.97 1.415
H. J. M. 42.10 11 21 3.7 0.70 0.59 0.645
R. J. 43.9 13 3.3 0.12
M. F. 42.11 22 6.9 0.22
L. E. 43.9 22 3.0 0.20
G. C. 43.6 12 3.5 1.32
C. D. 49.1 13 7.9 0.21
F. G. 44.2 12 21 4.6 0.68 0.54 0.61
G. C. 41.5 13 3.4 0.53
R. J. 43.5 13 3.0 0.79
G. D. M. M. 38.6 23 2.1 0.63
N. F. 40.2 21 1.3 0.74
1026 Bernard et al.
concern of patients for esthetics in cases
of congenital absence of anterior teeth
have raised some debate about current
restorative modalities. The main treat-
ment options for anterior tooth replace-
ment are adhesive fixed partial bridges,
conventional fixed partial bridges and
implant-supported crowns (Dietschi &
Schatz 1997). Some authors also sug-
gested the use of autotransplantations in
selected cases (Slagsvold & Bjercke
1978). Implants and adhesive prostheses
are nowadays preferred because they
represent more conservative approaches
as compared to traditional fixed prostho-
dontics. However, as osseointegrated
fixtures do not adapt to eruptive pro-
cesses or growth changes, their use in
young individuals may lead to clinical
infra-occlusion and compromise the
esthetic rehabilitation of missing teeth
in the anterior area. Some authors even
described a reduction of alveolar height
at the teeth adjacent to the implants,
which could possibly lead to periodontal
defects, particularly in upper lateral
incisor area if distance between implant
and adjacent teeth is too short (Thi-
lander et al. 2001). Most authors
recommend to delay the use of im-
plant-borne restorations in the anterior
area until skeletal growth is completed,
some of them precising that implant
placement should be delayed until age
15 for girls and age 18 for boys (Cronin
et al. 1994).
This assumption could not be sub-
stantiated by the results of the present
study, showing that infraocclusion oc-
curs also in patients who had received
single implants in adult ages. In some of
the cases, the infra-occlusion, due to the
continuous vertical eruption of adjacent
teeth, created a noticeable variation in
the occlusal plane. Interestingly, the
findings of our study show that the
continuous eruption process of the
adjacent teeth in the mature adulthood
may be, in some individuals, as large as
that observed in younger patients. The
statement that the eruption potential
may be larger in young adult individuals
was not fully confirmed by our results.
However, it should be stressed that the
present sample did not include growing
individuals of the pre-pubertal and
pubertal growth stage, since the alveolar
vertical changes were expected to be
very large in these cases.
A previous study on young patients
has shown that there is a continuous
eruption of the teeth adjacent to an
implant, proportional to the residual
growth of the individual (Thilander et
al. 1994). In this 3-year follow-up study,
infra-occlusion was recorded in most of
the patients: the larger the residual
growth, the bigger the infra-occlusion
of the implant-supported restoration. It
has to be stressed however, that the
mean changes in the anterior area were
small in most of the cases (mean
0.46 mm). Our results seem in agree-
ment with the findings of Thilander et
al. (1994, 1999, 2001). An eruption of
adjacent teeth was recorded in all the
patients (mean5 0.718), matching the
results of Thilander’s group (1994),
even though the mean age of the
‘‘young group’’ sample at the time of
fixture placement was 18.4 years instead
of 15.4 years in Thilander’s sample. No
difference was observed in the amount
of eruption of the adjacent teeth in both
samples, and also no significant differ-
ence was found looking at the localiza-
tion of the implants.
The maxilla moves during growth in
all three planes of space (Thilander
1995): as the maxilla follows its growth
pattern downward and forward, the
alveolar process undergoes considerable
remodeling in anteroposterior, transver-
sal, and vertical directions. The major
portion of maxillary growth and
remodeling takes place in the vertical
direction: natural teeth with normal
periodontal ligament tend to adapt to
such tissue remodeling, which continues
until late adolescence (Sarna¨s & Solow
1980, Bjo¨rk & Skieler 1983). On the
contrary, osseointegrated implants re-
main stationary in the surrounding bone
and do not move or adapt to eruptive
processes or to growth changes.
The eruption of the adjacent teeth can
be attributed to the continuous activity of
the periodontal ligament (Berkovitz
1971), while the major part of the
maxillary growth has usually been com-
pleted at the age of 15 for the girls and 1
or 2 years later for the boys. The bone
activity observed on the maxilla after this
age is mainly related to bone remodeling
processes that may continue until late
adulthood (Forsberg et al. 1991). Other
studies (Forsberg et al. 1991, O¨dman et
al. 1991, Sennerby et al. 1993) already
confirmed that many changes occur in
the sagittal and the transversal dimen-
sions which have not yet been quantified,
even though some authors questioned
their possible impact after the age of 25
years (Oesterle´ & Cronin 2000).
These conclusions were stressed in a
recent follow-up study by Thilander et al.
Table 2. Sample description (age at placement, localization of the implant, vertical step for each
implant, mean value in subjects with two implants)
Subjects Age Implants Follow-up period Discrepancy
(mm)
Mean
K. F. 24.1 21 9.1 0.33
P. C. 16.11 11 6.7 1.15
M. C. 19.10 13 23 1.6 0.68 0.3 0.49
B. E. 19.10 12 22 2.4 1.65 0.84 1.245
S. C. 15.8 12 22 8.3 0.8 0.88 0.84
I. M. 19.9 23 5.3 1.76
F. E. 17.8 12 22 1.9 0.1 0.3 0.2
G. D. 17.2 12 21 1.1 0.48 1.38 1.38
S. I. 15.4 21 2.8 1.02 1.02
M. S. 18.0 21 1.8 0.13
N. C. 19.2 23 5.3 0.82
V. J. 20.1 21 6.0 0.45
W. V. 19.0 11 21 5.5 0.38 0.44 0.41















Fig. 3. Vertical changes of anterior teeth










Fig. 4. Vertical changes of anterior teeth
adjacent to implant according to localization
of the implant (mm).
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(1999, 2001) based on the observation of
some patients of the first study, followed
for 8 years: the mean vertical step
increased this time from 0.46 to
0.95 mm, with large inter-individual var-
iations. That following study revealed
that infra-occlusion occurred in three
adult patients who had received anterior
single implants restorations. In some of
the cases the infra-occlusion created a
noticeable variation in the occlusal plane
and a serious esthetic impairment. Our
study fully documented clinical infra-
occlusion of implant-borne restorations in
mature adults: the results showed similar
observations in late adolescents and adult
patients, a vertical step of the same
extent, detected in both groups after short
evaluation period. Even if larger vertical
steps have been observed in the adoles-
cent groups, the number of patients
showing larger deviation than the mean
was similar in both groups, while no clear
factors could be stressed to explain such
differences between individuals.
However, many factors can interfere
with the process of eruption of teeth
adjacent to osseointegrated fixtures (i.e.
pre-prosthetic orthodontic movements,
periodontal status). Therefore prospec-
tive clinical trials would help to clarify
the influence of continuous teeth erup-
tion processes and craniofacial growth
mechanisms on these restorations.
Conclusion
The use of osseointegrated implants for
the prosthetic rehabilitation of anterior
missing teeth is nowadays a common
treatment modality. However a clinician
has to keep in mind that the implant
behaves as an ankylosed tooth and thus,
never follows the eruption of the
adjacent teeth. This specificity, often
addressed in studies dealing with young
individuals with residuous growth po-
tential, has been shown to result in
major esthetic impairment in anterior
implant-borne restorations.
However, and even if in most adult
patients the effect of adult residual
growth or aging alterations may be small,
the results of our study support the
assumption that mature adults can also
exhibit major vertical steps after anterior
restorations with osseointegrated fixtures.
Other studies are therefore needed to
evaluate the association of clinical
infra-occlusion secondary to growth or
aging processes with other factors such
as loss of marginal bone support, and
their possible impact on treatment
procedure strategies in cases with miss-
ing anterior teeth.
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Three-dimensional changes in position of unopposed molars in adults.  
P. Christou, S. Kiliaridis 
Department of Orthodontics, University of Geneva, Geneva, Switzerland 
 
Summary 
The aim of this study was to longitudinally examine in adults, changes of position in the three dimensions of maxillary 
molars unopposed for more than 10 years. 
Twelve healthy mature adults (6 males, 6 females, mean age: 45 years 11 months) with unopposed molars were 
followed-up for a mean period of 10 years 7 months. Plaster casts were made in the first and the last examination. The 
patients presented 22 unopposed maxillary molars in both recordings and 14 posterior teeth with antagonists - at least 
one on each subject - without significant modifications during the study period.  
Three-dimensional (3D) scanning of the plaster casts. On the 3D model acquired, changes of the centroid of the occlusal 
surface was measured in the three dimensions. The changes observed in both occasions were compared with t-test.  
Vertical displacement of unopposed molars (0.8 mm, SD 0.65 mm) and the controls (0.4 mm, SD 0.2 mm) were 
observed. The unopposed teeth overerupted more than controls (p≤0.06), periodontally affected molars erupted more 
than periodontally healthy molars (p≤0.01).   
There was significant mesial displacement of unopposed molars without mesially adjacent teeth when compared to the 
respective controls (p≤0.04). 
Palatal movement was observed in unopposed teeth (0.9 mm, SD 0.6 mm) and was significantly higher than the control 
group (0.5 mm, SD 0.3 mm) (p≤0.02). 
There is displacement of unopposed teeth in the three dimensions in the long term, though clinically insignificant in 
periodontally healthy adults. The observed changes are either result of late growth remodeling or consequence of an 
altered dental equilibrium following antagonist tooth loss. 
 
Introduction 
A common belief among dentists is that permanent 
teeth that remain unopposed long term tend to migrate, 
creating considerable clinical problems (Lyka et al., 
2001). In a recent clinical study on molars without 
antagonists, 83 percent of teeth displayed overeruption 
ranging from 0.5 mm to 5.4 mm (Craddock and 
Youngson, 2004). However, in that study no 
information is given regarding either the length of the 
period the teeth remained unopposed or the age of the 
patients when the teeth were extracted.   
Age seems to be an important factor for the vertical 
migration of unopposed molars. Thus, in children the 
maxillary first primary molars without antagonist, if not 
ankylosed, overerupted toward the extraction space 
(Yonezu and Machida, 1997). Furthermore, Smith 
(1996) observed that in children and adolescents who 
had extractions of upper second molars for orthodontic 
reasons, the unopposed lower second permanent molars 
showed a marked overeruption 10 years later.  
Similar changes as those observed on young 
individuals, were found in adults but to a lesser extent 
(Love and Adams, 1971, Kiliaridis et al., 2000). In 
adult samples the position of unopposed molars showed 
less extensive supraposition, nevertheless after a long 
observation period of at least 10 years, 25 percent of the 
documented molars showed overeruption of 2 mm or 
more. Besides this vertical displacement, other 
movements such as tipping, and rotation occurred.  
The presently available information was based on case 
reports or cross-sectional studies that included little 
information concerning the samples-in the best of the 
case the age of the subjects when the teeth were 
extracted and the time period that the teeth remained 
unopposed. 
There appears to be no longitudinal study monitoring 
changes in the position (vertical displacement, disto-
mesial, bucco-palatal) of molars without antagonists. 
The aim of the present investigation was to examine, in 
adults, the changes of position in the three dimensions 
of maxillary molars that had been unopposed for a 
period of more than 10 years. 
 
Subjects  
Thirteen adults (6 males, 7 females, mean age: 45 years 
11 months – age range 25-69 years) with unopposed 
molars were followed-up for at least 10 years (mean 
follow up period 10 years 7 months, SD: 16 months) in 
the Dental clinic of the University of Gothenburg, 
Sweden. The 13 subjects presented in total, 24 
unopposed maxillary molars at both recordings. 
Seventeen posterior teeth with antagonists, at least one 
for each subject, served as the controls. One female 
patient with an unopposed molar and 2 control teeth 
along with one unopposed molar and a control tooth 
from the rest of the group were excluded due to 
extensive restorations that were revised during the 
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period of our study. That narrowed our group to twelve 
adults (6 males, 6 females, mean age: 45 years 11 
months – age range 25-69 years) 22 unopposed molars 
and 14 control teeth without any significant 
modifications of their morphology during the 
observation period.  
The patients reported no systemic diseases. For each 
subject two sets of casts were fabricated: one pair a 
short period after the extraction of the mandibular 
antagonist tooth and a second set at a follow-up 
examination 10 years later. In both occasions, alginate 
impressions were taken, and were poured with type IV 
gypsum for dental casts. 
 
Methods 
All casts were scanned with a three-dimensional (3D) 
laser scanner (Laserscan 3D, Willytec GmbH, 
Gräfelfing, Germany). It is a single slit, one sense laser 
scanner. The cast was placed on a base and a Gaussian 
pattern, monochromatic, slit laser beam emitted from a 
source point projected onto its surface. The base is 
articulated, mobile and can move both on the x and y 
axis. The models were put on the articulated base with 
their occlusal plane (as defined by all posterior teeth 
excluding the unopposed tooth) parallel to the ground 
and performed the scanning of the cast. 
On the 3D model the position of the unopposed molar 
and that of the control tooth as seen on the initial and 
final casts were compared. For both teeth the middle of 
the distance between the mesial, distal, vestibular and 
lingual marginal crests were used as of reference points. 
All the reference points were localised on reproducible 
areas of each tooth that were not exposed to abrasion 
and were similar on both sets of casts. The point of 
intersection of the bimedians joining the midpoints of 
the opposite sides was the centroid of the occlusal 
surface (Fig. 1).  
The changes between the two 3D models on the 
Cartesian coordinate system (x,y,z) were measured with 
a 3D imaging software (Match3D, Willytec GmbH). 
Disto-mesial tooth displacement and buco-lingual 
movement were assessed on the x and y axis 
respectively, and eruption was measured on the z axis. 
Movement towards mesial, lingual and overeruption 
were marked as positive values. The changes observed 
for the four reference points were averaged for each 
axis so that they would correspond to the representation 
of the movements of the centroid of each tooth’s 





Fig. 1. Points of reference 
1. Middle of mesial marginal crest  
2. Middle of vestibular marginal crest  
3. Middle of distal marginal crest 
4. Middle of lingual marginal crest  
5. Centroid of the occlusal surface  
For each tooth under study there was a comparison in the position of the reference 
points in the three dimensions between the initial and final recordings. The structure of 
reference was the palatal vault, distal of the 3rd rugae. 
 
Disto-mesial tooth displacement and buco-lingual 
movement were assessed on the x and y axis 
respectively. Eruption was measured on the z axis. 
Movement towards mesial, lingual and overeruption 
were marked as positive values. The changes observed 
for the four points of reference were averaged for each 
axis so that they would correspond to the representation 
of the movements of the centroid of each tooth’s 
occlusal surface.  
Statistics  
The measurements for normal distribution were tested 
with a Shapiro-Wilk test, and the independent samples 
t-test was used to compare the means of all 
measurements. Significance was set at 0.05. An 
unpaired t-test was used to compare means and assess 
differences between groups and 95 percent confidence 
intervals. To limit the influence of inter-individual 
variability of the measurements for each tooth in 
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patients with more than one unopposed molar or control 
teeth the mean of the values were used and compared 
with a paired t-test.  
Pearson’s correlation analysis was used between the z 
values for the buccal point of reference and the 
difference between the vertical measurements for 
buccal and palatal references. This way we determined 
the pattern of the observed vertical displacement.   
To evaluate the importance of adjacent teeth in the 
disto-mesial movement observed on both groups, we 
used a linear regression model. The amount of disto-
mesial displacement was the dependent value and the 
independent was the existence or not of the adjacent 
tooth mesially. Similarly, we performed the same test 
with independent value the existence or not of distally 
adjacent tooth. 
Statistical evaluation was done with Statistical package 
for Social Sciences v13.0 (SPSS Inc. Chicago, Illinois, 
USA). 
 
Error of method 
 The replication of measurements is important in the 
control of random errors (Houston, 1983). To assess the 
magnitude of random errors the potential sources were 
identified: the error of the scanner and the error of the 
operator during localization of references (operator 
error). The scanner was pre-calibrated and for relatively 
large objects (such as dental casts) according to the 
technical data furnished by the manufacturer the 
accuracy after 3D-matching is 8.5 µm and the 
reproducibility 2 µm. One author (PC) carried out the 
double localisation of the same points of reference with 
a difference of 10 weeks between the two 
measurements. The differences in the coordinates in the 
Cartesian system were assessed and compared using 
paired samples t-test. A high repeatability of the 
localisation of the reference points (p=0.192) and a high 
correlation between the two sets of measurements 
(r=0.6) were found. SE was calculated using Dahlberg’s 
formula for each of the three axis separately and was 
found to be low: for the x and y axis it was 7.8 µm and 
8.6 µm respectively and for the z axis 17.1 µm. The 
cumulative error in the localisation of the centroid of 
the occlusal plane was 16.3 µm. 
 
Results 
The centroid of the occlusal plane showed signs of 
eruption of most teeth - the 22 unopposed molars (0.80 
mm, SD 0.65 mm) and the controls (0.40 mm, SD 0.20 
mm). Periodontally affected unopposed molars erupt 
more (1.97 mm, SD 0.58 mm) than the periodontally 
healthy ones (0.48 mm, SD:0.17 mm) (p0.01). 
Comparing the vertical displacement observed in 
periodontally healthy unopposed molars with the 
respective controls, we found that there was no 
significant difference in the vertical displacement 
observed during the period of the study (Figs 2,3).  The 
rate of vertical displacement was similar for 
periodontally healthy unopposed molars (0.05mm/year) 
and the control teeth (0.04 mm/year). 
 
Fig. 2 Mean vertical displacement 
 
Fig. 3 The centroid of the occlusal plane showed signs of eruption in 
almost all teeth – 22 unopposed molars (median: 0.51, range: 0.22-
2.78) and controls (median: 0.30mm, range:0.19-1.13) 
 
In unopposed molars although the displacement of the 
palatal reference was smaller than the buccal we found 
a higher correlation between the eruption of the 
vestibular side of the molar and the difference in the 
vertical displacement of palatal and vestibular reference 
(p=0.03) (Fig. 4, 5). This indicates a prevalent eruption 
of the vestibular side of the molar and a simultaneous 
rotation of the molar on the transversal plane to the 
palatal direction. 
 
Fig. 4 Mean bucco-palatal displacement 
 
All teeth, moved mesially. No significant differences 
were observed when comparing the two groups for 
disto-mesial movement of the teeth under study 
(p=0.08) (Table I) (Fig 6). On the contrary, significant 
results were found when we compared the disto-mesial 
displacement of unopposed molars with and without 
mesially adjacent teeth (p=0.04) and also when we 
compared with a paired t-test means of multiple 
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observations between unopposed molars and controls 
(p=0.03) (Table II). The linear regression model for 
unopposed molars and control teeth showed a high 
significance when a mesially adjacent tooth was present 
(p=0.01) (Fig. 7). 
 
Fig. 6 Mean distomesial displacement 
 
There was a palatal movement of the centroid of the 
occlusal surface for both groups. For the unopposed 
teeth (0.9mm, SD 0.6mm) was significantly higher that 
that of the control group (0.5mm, SD 0.3mm) (p=0.02). 
(Table I) 
 
Table I. Independent Samples Test: Comparison of the displacement 
of the centroid in the three dimensions (mm). 
 
Table II. Paired Samples Test: comparing mean of the values (mm) 
for more than one unopposed molar or control teeth. 
 
 
Fig. 5 Palatal movement of the centroid of the occlusal surface for 
both groups.  
unopposed teeth, (median:0.63mm, range:0.19-2.21mm) were 




 In this study, the displacement of the centroid of the 
occlusal plane was observed in the three dimensions. 
An overeruption was found both for unopposed molars 
and for teeth with antagonists. For the periodontally 
healthy unopposed molars, although this change was 
statistically significant, it is not clinically significant. 
This is in agreement with previous findings (Shugars et 
al., 2000; Love and Adams, 1971) that also showed 
severe overeruption in individuals that either had teeth 
extracted at a young age which remained unopposed 
during the period of craniofacial growth, or when the 
teeth had less periodontal support (Smith, 1996).  
Another important finding is that teeth with antagonists 
show changes in relation to their initial position. The 
later is not a methodological error but it is in line with 
findings of studies on late growth. At the age of the 
subjects in our sample the major part of maxillary 
growth is completed (Sarnäs and Solow, 1980; Tallgren 
and Solow, 1991) and only late growth changes such as 
continuous tooth eruption can be observed (Forsberg et 
al., 1991). This can be attributed to the continuous 
activity of the periodontal ligament, and maxillary bone 
activity which is mainly related to bone remodelling 
and minor periosteal activity (Forsberg et al., 1991).  
Another indication for the changes in the vertical 
dimension is found in implant research. Long-term 
studies on anterior teeth adjacent to implants showed 
that single teeth moved occlusaly at a recorded average 
rate of 0.1 mm per year (Thilander et al., 1994, 2001; 
Bernard et al., 2004). These studies concerned teeth in 
the anterior region that have less occlusal opposition 
than posterior teeth in occlusion. According to these 
findings, molars without antagonists in adults and thus 
with less occlusal opposition, can overerupt on average 
1 mm in a period of 10 years, resulting in a slight 
overeruption which is probably not of any clinical 
significance. However, the amount of continuous 
eruption varies from one individual to another; in 
certain occasions not all the teeth reach occlusal 
contact, as seen in dental open bite cases. 
Periodontal conditions have also been reported to be a 
factor associated with overeruption. In our study, when 
considering overeruption, the periodontally affected 
unopposed molars, during a ten year period they 
presented a pronounced vertical displacement of an 
average 1.97 mm when compared to the periodontally 
healthy ones that had an average of 0.48 mm. 
Nevertheless, when considering the periodontally 
affected unopposed molars, during a ten year period 
they presented a pronounced vertical displacement of an 
average 1.97 mm when compared to the periodontally 
healthy ones that had an average of 0.48 mm. The 
patients bearing those periodontally involved teeth 
showed signs of generalized periodontal disease which 
seemed to contribute in the displacement of the control 
tooth in only one case. The number of this subgroup 
was small and thus we avoided annualisation of the 
posteruptive displacement of the periodontally affected 
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teeth. Besides, we would expect that healthy teeth show 
possibly uniform vertical displacement overtime due to 
the continuous activity of the periodontal ligament (Ten 
Cate and Nanci, 2003) but in periodontally affected 
teeth, due to the nature of the disease, an uneven 
vertical movement during the period of observation is 
very probable. Our results are in line with previous 
studies stipulating that the periodontal condition is a 
factor associated with vertical displacement 
(Compagnon and Woda, 1991). A possible explanation 
could be that during the disease, the loss of coronal 
periodontal attachment can facilitate the eruption 
potential of the tooth without the necessity of vertical 
displacement of the whole alveolar process that could 
impede the eruptive movement of this tooth. However, 
the correlation between moderate or severe 
overeruption and periodontal disease requires further 
investigation. 
A significant mesial displacement of unopposed molars 
without mesially adjacent teeth was also observed. This 
displacement is independent of the presence or not of 
distally adjacent teeth. When it is observed on control 
teeth may be due to the mesial vector of the occlusal 
forces and can be considered one of the reasons for the 
development of late crowding in adults. These findings 
are in line with the findings of Kiliaridis et al., (2000) 
where was noted in a similar sample excessive tipping 
of unopposed molars without adjacent teeth.  
Another important finding is the significant 
displacement of all teeth to the palatal direction, 
predominantly of the unopposed molars.  This can be 
attributed to a continuous force provided by the soft 
tissues adjacent to the tooth and the perioral 
musculature- predominantly the buccinator muscle, 
which is an important environmental determinant of 
tooth position (Proffit, 1978). Its constant and 
apparently light force is compensated in the control 
teeth by the occlusal interferences provided by the 
antagonists that are not present in the unopposed side. 
Another factor of compensation in the control teeth can 
be occlusal forces; they play an important role in 
maintaining the transverse dimension of dental arches 
(Kiliaridis et al., 2003), but there are no occlusal forces 
on teeth without antagonists.  
We could not confirm the assumption that the tongue 
takes the place of antagonist teeth once they are 
extracted. We can only speculate about the role of the 
tongue and the movements that can be partially 
attributed to its position, although there is no clear 
evidence, are the movements in the transversal plane. 
An assumption is that the tongue impedes a vertical 
displacement of the palatal cusps, therefore the 
observed movements, but also in the transversal plane 
the tongue can provide a stabilizing force opposing the 
light but continuous force of the cheeks (Proffit, 2000). 
The method applied permitted the assessment of 
movements of unopposed molars and control teeth in 
the three dimensions, in relation to structures close to 
the region of interest. 
Ideally these individuals should have been followed 
yearly. Nevertheless our longitudinal study was based 
on 2 recordings at least 10 years apart. This practically 
excludes the information concerning the possible events 
of the periodontal status of teeth during this period. 
Only their present condition during the examination 
session was assessed. Thus, precious information 
concerning these teeth is lacking but traces of 
periodontally affected teeth could be detected due to 
loss of attachment and increase of clinical crown length. 
This was not the case in the vast majority of teeth 
examined. 
Besides the error of the measurements there is a 
potential error in casting models (impression and 
settling of casts). The presented values include this 
potential error; however this error has influenced both 
groups of teeth equally. We should add that beside the 
potential error of the casts (Duke et al., 2000), the 
changes observed were towards only one direction on 
each axis revealing small contribution of the setting 
error.  
Another possible source of error can be the localization 
of the points of reference. To diminish this, we 
localized the points of reference on surfaces of the 
three-dimensional image that had no restorations or 
were not exposed to abrasion during the period of our 
study. 
There was also a variation in the type of teeth studied; 
the “experimental teeth” were unopposed molars, while 
the control teeth were posterior teeth (molars and 
premolars). Ideally matched controls should have been 
studied, but this was realistically not possible, therefore 
premolars were included as part of the control teeth. 
Although their number was small, comparison of these 
two groups showed no statistically significant 
difference in the displacement pattern. 
A limitation of our study is the small number of 
periodontally affected teeth (n=4). Our findings can be 
considered as an indication of what happens in 
periodontally affected unopposed molars. Further 
studies are necessary to confirm our findings on this 
group of teeth.  
This study provides evidence of a displacement of teeth 
in the three dimensions in the long term. The change in 
the position of unopposed molars in periodontally 
healthy adult individuals is clinically insignificant. The 
small changes observed are either a result of late growth 
changes during adulthood or a consequence of an 




1. There is a change in the position of all teeth in 
the three dimensions 
2. Molars with periodontitis are more prone to 
overeruption than those with a healthy periodontium.  
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3. There is significant mesial displacement of 
unopposed molars with no mesially adjacent teeth. 
4. There is a palatal displacement of all teeth, 
predominantly of the unopposed molars. 
References 
Bernard J P, Schatz J P, Christou P, Belser U, Kiliaridis S 
2004 Long-term vertical changes of the anterior maxillary 
teeth adjacent to single implants in young and mature adults. 
A retrospective study. Journal of Clinical Periodontology 31: 
1024-1028  
Compagnon D, Woda A 1991 Supraeruption of the unopposed 
maxillary first molar. The Journal of Prosthetic Dentistry 66: 
29-34 
Craddock H L, Youngson C C 2004 A study of the incidence 
of overeruption and occlusal interferences in unopposed 
posterior teeth. British Dental Journal 196: 341-348; 
discussion 337  
Duke P, Moore B K, Haug H P, Andres C J 2000 Study of the 
physical properties of type IV gypsum, resin-containing, and 
epoxy die materials. Journal of Prosthetic Dentistry 83: 466-
473 
Forsberg C M, Eliasson S, Westergren H 1991 Face height 
and tooth eruption in adults--a 20-year follow-up 
investigation. European Journal of Orthodontics 13: 249-254 
Houston W J B 1983 The analysis of errors in orthodontic 
measurements. American Journal Orthodontics 83: 382-390  
Kiliaridis S, Georgiakaki I, Katsaros C 2003 Masseter muscle 
thickness and maxillary dental arch width. European Journal 
of Orthodontics 25: 259-263 
Kiliaridis S, Lyka I, Friede H, Carlsson G E, Ahlqwist M 
2000 Vertical position, rotation, and tipping of molars without 
antagonists. The International Journal of Prosthodontics 13: 
480-486 
Love W D, Adams R L 1971 Tooth movement into 
edentulous areas. The Journal of Prosthetic Dentistry 25: 271-
278 
Lyka I, Carlsson G E, Wedel A, Kiliaridis S 2001 Dentists' 
perception of risks for molars without antagonists. A 
questionnaire study of dentists in Sweden. Swedish Dental 
Journal 25: 67-73  
Papadopoulos M A, Christou P K, Christou P K, Athanasiou 
A E, Boettcher P, Zeilhofer H F, Sader R, Papadopulos N A 
2002 Three-dimensional craniofacial reconstruction imaging. 
Oral surgery, oral medicine, oral pathology, oral radiology, 
and endodontics 93: 382-93 
Proffit W R 1978 Equilibrium theory revisited: factors 
influencing position of the teeth. Angle Orthodontist 48: 175–
186 
Proffit W R 2000 The etiology of orthodontic problems. In: 
Proffit W R (ed.) Contemporary Orthodontics. Mosby, St 
Louis, pp.113-144 
Sarnäs K-V, Solow B 1980 Early adult changes in the skeletal 
and soft-tissue profile. European Journal of Orthodontics 2: 2-
12 
Sennerby L, Ödman J, Lekholm U, Thilander B 1993 Tissue 
reactions towards titanium implants inserted in growing jaws. 
A histological study in the pig. Clinical Oral Implants 
Research 4: 65-75 
Shugars D A, Bader J D, Phillips S W Jr, White B A, Brantley 
C F 2000 The consequences of not replacing a missing 
posterior tooth. Journal of the American Dental Association 
131: 1317-1323 
Smith R 1996 The effects of extracting upper second 
permanent molars on lower second permanent molar position. 
British Journal of Orthodontics 23: 109-114 
Tallgren A, Solow B 1991 Age differences in adult 
dentoalveolar heights. European Journal of Orthodontics 13: 
149-156  
Ten Cate A R, Nanci A 2003 Physiologic tooth movement: 
Eruption and Shedding. In: Ten Cate (ed.) Ten Cate’s oral 
histology: Development, Structure and Function. Mosby, St 
Louis, pp.275-298 
Thilander B, Ödman J, Gröndahl K, Friberg B 1994 
Osseointegrated implants in adolescents. An alternative in 
replacing missing teeth? European Journal of Orthodontics 
16: 84-95  
Thilander B, Ödman J, Lekholm U 2001 Orthodontic aspects 
of the use of oral implants in adolescents: a 10-year follow-up 
study. European Journal of Orthodontics 23: 715-731 
Yonezu T, Machida Y 1997 Occlusal migration of the 
maxillary first primary molars subsequent to the loss of 
antagonists. The Bulletin of Tokyo Dental College 38: 201-
206 
